Abstract: Small and medium enterprises (SMES) play an important role in Taiwan's economy. The reduction of energy costs and carbon dioxide (CO 2 ) emissions are critical to preserving the environment. This paper uses the experimental results from 65 sites, gathered over two years since 2012, to determine how the integration of Internet communication, cloud computing technologies and a cloud energy management service (cloud EMS) can reduce energy consumption by cost-effective means. The EMS has three levels: infrastructure as a service (IaaS), platform as a service (PaaS) and software as a service (SaaS). Working jointly with ChungHwa Telecom, Taiwan's leading telecom service provider, data from detection devices, control devices, air-conditioning and lighting systems are all uploaded to a cloud EMS platform, to give a so called intelligent energy management network application service platform (IEN-ASP). Various energy saving management functions are developed using this platform: (1) air conditioning optimization; (2) lighting system optimization; (3) scheduling control; (4) power billing control and (5) occupancy detection and timing control. Using the international performance measurement and verification protocol (IPMVP), the energy used at the test sites, before and after the use of the IEN-ASP, are compared to calculate the energy saved. The experimental results show that there is an average energy saving of 5724 kWh per year, which represents a saving ratio of 5.84%. This translates to a total reduction in CO 2 emissions of 9,926,829 kg per year. Using the data collected, a regression model is used to demonstrate the correlation between the power that is consumed, the energy that is saved and the area of the sites. Another interesting result is that, if the experimental sites are maintained by experienced electricians or other personnel and EMS protocols are followed, the energy saving can be as great as 6.59%.
Introduction
According to Taiwan's Ministry of Economic Affairs (MoEA), in 2014, the total number of small and medium enterprises (SMEs) was 1,353,049, which was 1.64% more than the number for 2013 [1] . Significantly, these SMEs accounted for 97.61% of all Taiwanese enterprises. By the MoEA's definition, a SME is an enterprise that has a paid-in capital of NT$80 million (US$2.4 million) or less, or which has an annual revenue of NT$100 million (US$3.0 million) or less [1] . In terms of production activity, electricity consumption is an important ratio of cost. The price of oil influences the price of electricity and the oil price was US$55 per barrel in 2014. This figure will increase to US$79 by 2019, which whereby the monthly service fee was covered by the savings in energy costs. The major benefit of a cloud EMS is that it provides an innovative business model that reduces the cost of the service and can produce an immediate payback, so its use as an energy saving management service should become more widespread [14] .
The infrastructure of an IEN-ASP is shown in Figure 1 . It includes IaaS, PaaS, SaaS. The IaaS comprises a sensor platform that measures energy use and environmental information. This platform uses distributed sensors, digital power meters and information systems, such as occupancy information and electricity billing systems [15] . The equipment has various sensors for collecting environmental data at the loading end and these measure temperature, humidity and CO 2 . The collected data and the status of the equipment are then sent back to the PaaS, which is the IEN-ASP management platform for the Internet. Enterprises can configure power consumption settings and manage power dynamically using the Internet browser. The SaaS function of the IEN-ASP provides recommendations that allow enterprises to optimize their energy conservation plans, ramp up their operational environments and enforce corporate energy management policies. payback, whereby the monthly service fee was covered by the savings in energy costs. The major benefit of a cloud EMS is that it provides an innovative business model that reduces the cost of the service and can produce an immediate payback, so its use as an energy saving management service should become more widespread [14] . The infrastructure of an IEN-ASP is shown in Figure 1 . It includes IaaS, PaaS, SaaS. The IaaS comprises a sensor platform that measures energy use and environmental information. This platform uses distributed sensors, digital power meters and information systems, such as occupancy information and electricity billing systems [15] . The equipment has various sensors for collecting environmental data at the loading end and these measure temperature, humidity and CO2. The collected data and the status of the equipment are then sent back to the PaaS, which is the IEN-ASP management platform for the Internet. Enterprises can configure power consumption settings and manage power dynamically using the Internet browser. The SaaS function of the IEN-ASP provides recommendations that allow enterprises to optimize their energy conservation plans, ramp up their operational environments and enforce corporate energy management policies.
Figure1. The infrastructure of a intelligent energy management network application service platform (IEN-ASP) (energy management functions developed on cloud).
In Figure 1 , it is seen that the most vital element in the cloud EMS is the SaaS, which is software that starts to function immediately when massive quantities of data are transmitted from the sensors to the platform. Using the software functions, the optimal use of energy is ensured. Backstage platform software services include optimization of the air conditioning (AC) system optimization and the lighting system, control of scheduling and the power facility, occupancy detection and control of timing switches.
The primary function of a cloud EMS is the optimization of the air conditioning (AC) system. A digital meter monitors the energy consumption for the site and the environment and this information is sent to a cloud energy management service system. The server in the cloud analyzes the status of the outdoor environment, the indoor environment and the energy that is being used. It also calculates the energy consumption according to the IPMVP and ensure the optimal use of the AC equipment using the cloud. In Figure 1 , it is seen that the most vital element in the cloud EMS is the SaaS, which is software that starts to function immediately when massive quantities of data are transmitted from the sensors to the platform. Using the software functions, the optimal use of energy is ensured. Backstage platform software services include optimization of the air conditioning (AC) system optimization and the lighting system, control of scheduling and the power facility, occupancy detection and control of timing switches.
The primary function of a cloud EMS is the optimization of the air conditioning (AC) system. A digital meter monitors the energy consumption for the site and the environment and this information is sent to a cloud energy management service system. The server in the cloud analyzes the status of the outdoor environment, the indoor environment and the energy that is being used. It also calculates the energy consumption according to the IPMVP and ensure the optimal use of the AC equipment using the cloud.
The second function is the optimization of the lighting system. Illumination sensors and digital meters control LED lights and upload the energy consumption data to the cloud system. The server in the cloud adjusts the light intensity via the Internet to ensure the minimum energy consumption.
The third function is the control of scheduling. A task schedule is uploaded to the cloud system and the server controls the operation of the local device via the Internet. The scheduling control function optimizes the scheduling between each system group while allowing all groups to operate simultaneously and independently, in a programmed schedule that avoids excessive waste of energy.
The fourth function is the control of the power facility. The power facility control maintains normal operation of the equipment to avoid the waste of energy due to insufficient power output or other causes of power leakage. The system in the cloud records and analyzes the daily energy used. The system also adjusts the power facilities in line with the daily pattern or the demand response (DR) from the power center. Adjustment is performed using energy managers, an inverter control and periodic switching off and shutting down when an operation is irregularly performed. However, careful monitoring is also required to avoid the concurrent activation of equipment, which results in excessive power consumption. Excessive power consumption during peak hours increases the electricity costs and skilled personnel can reduce this cost.
The fifth function is occupancy detection and timing of on/off switches. Infrared detectors detect the occupancy of an indoor space. If the indoor space is unoccupied for a certain period, the cloud system switches off the lighting and air conditioning systems using the delay time settings. This function prevents the waste of energy over long periods, as shown in Table 1 .
The five functions that are defined in Table 1 are the key procedures for energy conservation. This study used 65 different categories and sizes of testing sites, and fully implemented the five functions of SaaS in the experiment. The information for each experimental site is described in the following section. The second function is the optimization of the lighting system. Illumination sensors and digital meters control LED lights and upload the energy consumption data to the cloud system. The server in the cloud adjusts the light intensity via the Internet to ensure the minimum energy consumption.
The fifth function is occupancy detection and timing of on/off switches. Infrared detectors detect the occupancy of an indoor space. If the indoor space is unoccupied for a certain period, the cloud system switches off the lighting and air conditioning systems using the delay time settings. This function prevents the waste of energy over long periods, as shown in Table 1 . The five functions that are defined in Table 1 are the key procedures for energy conservation. This study used 65 different categories and sizes of testing sites, and fully implemented the five functions of SaaS in the experiment. The information for each experimental site is described in the following section.
The Calculation of Energy Efficiency
The IPMVP recommended four options (A, B, C and D) to measure energy savings, depending on the system configuration and data availability [16] . For systems which allow direct of measurement of energy consumption affected by the installed ECM without considering the remaining facilities, options A and B should be applied. For systems which does not allow direct measurement of energy consumption, the IPMVP suggest using the remaining two options to determine the indirect energy saving performance at facility level. Option C accesses the performance of the ECM by means of comparing the utility bills before and after the implementation. For system with insufficient or unreliable energy consumption data, the final option D is recommended to perform assessment through simulation of equipment or facilities [15] .
This research spanned two years, with the first year acting as the baseline. In the second year, the IEN-ASP was implemented at the sites. The data for the two years were compared to determine the amount of energy saved (kWh). The calculation for energy savings that is described below uses the IPMVP's method to calculate energy savings.
The energy used before and after the implementation of the IEN-ASP is compared on a consistent basis, as shown in the following general Equation (1):
Adjustments are made to factor in the physical changes or changes to equipment at the test sites. For example, in a manufacturing plant, obsolete machines might be replaced by newer models, which consume different amounts of energy. The authors use two types of adjustments: routine and non-routine conditions (such as, various occupancy capacity, or producing amount of factory) for this research. Therefore, Equation (1) could be modified as:
Saved Energy " pBaseline Energy Consumption´Reporting Energy Consumptionq˘Adjustments (1) Adjustments are made to factor in the physical changes or changes to equipment at the test sites. For example, in a manufacturing plant, obsolete machines might be replaced by newer models, which consume different amounts of energy. The authors use two types of adjustments: routine and nonroutine conditions (such as, various occupancy capacity, or producing amount of factory) for this research. Therefore, Equation (1) could be modified as:
Saved Energy " pBaseline Energy Consumption´Reporting Energy Consumptionq Routine Adjustments˘NonRoutine Adjustments (2) According to Equation (2), the percentage of energy saved is calculated as:
Saved Energy p%q " pNormalized Energy Savings˜Baseline Energy Consumptionqˆ100% (3)
The savings in electrical energy savings are translated into a reduction in carbon emissions using Equation (3):
Reduction in Amount for Carbon pkgq " Saved Energy Amount pkWhq Electricty emission factors of CO 2`k gCO 2 e{kWh˘ ( 4) where the electricity emission factor for CO 2 is 0.521 kg CO 2 e/kWh, as defined in 2015 by the Bureau of Energy of the Ministry of Economic Affairs.
The Experimental Sites
This study collected data from sites with a variety of purposes, such as stores, restaurants, office buildings, schools, transportation stations, libraries, multi-purpose buildings and manufacturing plants. The information includes the category and the details (such as energy consumption or the number of people using power).
For each test site, the area, the annual energy consumption, the main energy consuming equipment and the number of pedestrians are shown. The areas of the 65 testing sites range from 18.2 m 2 to 1,188,004 m 2 and the annual energy consumption ranges from 61,773 kWh to 8,553,600 kWh. The main energy consuming equipment includes air conditioning systems, lighting systems and other equipment. The number of pedestrians ranges from 50 to 10,500 per hour during peak hours. This study determines the energy savings that are realized by using a cloud EMS and the feasibility of economically expanding this service. The energy savings for each site are also compared to determine the best means of reducing energy consumption. Sites 36 to 65 had experienced electricians or related personnel who could make timely adjustments in accordance with the suggestions and protocols of the IEN-ASP.
The IEN-ASP has several significant properties. Firstly, by alerting subscribers via email or text messages, the IEN-ASP provides power management and environment surveillance. It also provides recommendations and analytical data that allow enterprises to optimize their energy conservation plans. Secondly, the system provides occupancy data and automated timing for on/off switches. The IEN-ASP also provides enough flexibility for subscribers to make adjustments manually. For example, a rush order for a manufacturing plant might mean that all of the machines are operated at full utilization rates, even when electricity rates are at a peak. Excessive power consumption during peak hours results in higher electricity bills. For retail or department stores, store managers can adjust the room temperature in accordance with the number of customers in the store. Therefore, experienced managers or technicians can make timely adjustments in accordance with the suggestions and protocols of the IEN-ASP to improving the energy savings ratio. Thirdly, a fully automated energy savings system is significantly more costly for SMEs. Depending on the number of sensors that are installed, the total installation cost might be NT$5000-20,000 (US$164-655). However, the users of IEN-ASP do not need to purchase the sensors; they only pay a monthly fee for the IEN-ASP of NT$400 (US$13) per sensor, which is an acceptable cost for most Taiwanese SMEs.
In Taiwan, the price of each kWh is based on a basic generation fee and a delivery service charge [17] . In addition to tiered rates, seasonal rates are also charged for electricity, so electricity costs are greater in the summer. The electricity price also depends on the time of the week and the day. Weekdays and early mornings and late nights have the most expensive rates.
Results and Discussion

Energy Consumption and the Savings Ratio
To monitor the energy consumption for the 65 testing sites, various sensors were installed. In stores, sensors were installed to monitor the energy consumption and the power consumed for air conditioning and illumination. In manufacturing sites, power meters were installed on the assembly lines to monitor the equipment's power consumption. When the power consumption reached the scheduled loading, the energy savings system immediately sent an email or phone message to alert a technician or other personnel about unnecessary waste of energy. The results for energy consumption and the energy saved over two years are shown in Table 2 : The energy savings for Table 2 are shown in Figure 2 . Figure 2 shows that the energy savings for test sites 1 to 35 are less than those for test sites 36 to 65. The average savings ratio for test sites 1 to 35 is 2.93% and sites 36 to 65 recorded an average savings ratio of 9.23%. The average energy saving for the 65 sites is 293,089 kWh, which is equivalent to a reduction in CO 2 emissions of 9,926,829 kg. Figure 3 shows that the median of saved energy amount for the 65 sites is 5724 kWh per year. The average energy savings for sites 1 to 35 is 11,774 kWh per year, which equates to a reduction in CO 2 emissions of 214,697 kg per year, and the average energy savings for sites 36 to 65 is 621,290 kWh per year, which is equivalent to a reduction in CO 2 emissions of 9,712,132 kg per year. Therefore, the CO 2 savings for sites 36 to 65 are more than those of test sites 1 to 35. The amount of CO 2 saving is 9,497,435 kg per year. The difference in these average figures may be due to the physical properties of the test sites or the type of business. This is discussed further in the following section. The energy savings for Table 2 are shown in Figure 2 . Figure 2 shows that the energy savings for test sites 1 to 35 are less than those for test sites 36 to 65. The average savings ratio for test sites 1 to 35 is 2.93% and sites 36 to 65 recorded an average savings ratio of 9.23%. The average energy saving for the 65 sites is 293,089 kWh, which is equivalent to a reduction in CO2 emissions of 9,926,829 kg. Figure 3 shows that the median of saved energy amount for the 65 sites is 5724 kWh per year. The average energy savings for sites 1 to 35 is 11,774 kWh per year, which equates to a reduction in CO2 emissions of 214,697 kg per year, and the average energy savings for sites 36 to 65 is 621,290 kWh per year, which is equivalent to a reduction in CO2 emissions of 9,712,132 kg per year. Therefore, the CO2 savings for sites 36 to 65 are more than those of test sites 1 to 35. The amount of CO2 saving is 9,497,435 kg per year. The difference in these average figures may be due to the physical properties of the test sites or the type of business. This is discussed further in the following section. 
Regression analysis
A regression analysis is used to derive any correlation with energy savings, in order to determine any pattern in the energy savings. The relationships between the amounts of energy saved and the baseline energy consumption and the areas of the 65 testing sites are shown in Figure  4 . Two test sites, numbers 4 and 43, are either undersize or oversize, so the data for these two test 
A regression analysis is used to derive any correlation with energy savings, in order to determine any pattern in the energy savings. The relationships between the amounts of energy saved and the baseline energy consumption and the areas of the 65 testing sites are shown in Figure 4 . Two test sites, numbers 4 and 43, are either undersize or oversize, so the data for these two test sites is omitted from the regression analysis model. The results of the regression analysis for the 63 sites are shown in Figure 5 . 
A regression analysis is used to derive any correlation with energy savings, in order to determine any pattern in the energy savings. The relationships between the amounts of energy saved and the baseline energy consumption and the areas of the 65 testing sites are shown in Figure  4 . Two test sites, numbers 4 and 43, are either undersize or oversize, so the data for these two test sites is omitted from the regression analysis model. The results of the regression analysis for the 63 sites are shown in Figure 5 . In Figure 6 , the regression model for the 63 testing sites is expressed using the following Equation (5).
Saved Energy Amount
Baseline Energy Consumption 0.057 Area of Test site (5) Figure 5 . The regression analysis for the 63 test sites, based on the amount of energy saved, the baseline energy consumption and the area of the site.
In Figure 6 , the regression model for the 63 testing sites is expressed using the following Equation (5).
Saved Energy Amount " Baseline Energy Consumptionˆ0.057`Area of Test siteˆ0.002`1730 kWh (5) In Equation (5), the regression model shows that the amount of energy saved increases linearly with the baseline energy consumption and the gradient is 0.057. There is also a linear relationship between the amount of energy saved and the test site area and the gradient is 0.002 kWh/M 2 . The R 2 between the amount of energy saved and the baseline energy consumption is 0.8944. A coefficient of 0.057 is similar to the average energy saved for the 63 test sites, or 5.87%. This indicates that the results from the regression model are in good agreement with the practical situation.
The Effect of Experienced Electricians or Related Personnel on the Test Sites
To determine the difference in the average amount of energy that is saved for test sites 1 to 35 (not including site 4) and for sites 36 to 65 (not including site 43), Figure 6 shows a review of the details for the 63 test sites. The results demonstrate that test sites 36 to 65, which have experienced electricians or related personnel, save more energy than test sites 1 to 35, which do not have trained personnel. Experienced managers or electricians can make timely adjustments in line with the suggestions and protocols of IEN-ASP, which results in an improvement in the energy savings ratio as excessive power usage during peak hours. In this paper, the term, "trained electricians", refers to any IEN-ASP user who has attended two hours of classes on IEN-ASP energy-saving methods and interpretation.
These personnel understand the IEN-ASP system and can use it to realize energy savings. A surge in use during the middle of the night and outside normal business hours is seen. Trained users can monitor the results and can easily identify abnormal electricity consumption outside normal business hours and make the necessary improvements. This avoids excessive use of electricity, reduces costs and maintains the equipment in good operating condition. Therefore, the energy savings for test sites 1 to 35 (not including site 4) are less than those of test sites 36 to 65 (not including site 43), as shown in Figure 6 . The average savings for test sites 1 to 35 (not including site 4) are 2.84% and those for test sites 36 to 65 (not including site 43) are 9.43%. There is a 6.59% difference in the energy savings, the presence of trained electricians increases energy savings when IEN-ASP is used. including site 43), as shown in Figure 6 . The average savings for test sites 1 to 35 (not including site 4) are 2.84% and those for test sites 36 to 65 (not including site 43) are 9.43%. There is a 6.59% difference in the energy savings, the presence of trained electricians increases energy savings when IEN-ASP is used. Figure 6 . Experienced electricians or related personnel can make timely adjustment to the energy saving equipment, which produces better results.
Conclusion
In 2012, a cloud energy management system IEN-ASP, was proposed by the authors and ChungHwa Telecom. The structure of the IEN-ASP includes IaaS, PaaS and SaaS. Using this structure, five main functions, the optimization of the air conditioning (AC) system and the lighting system, scheduling control, power facility control, occupancy detection, and the on/off control for timing switches, are developed. For two years, from 2012, the IEN-ASP service was tested at 65 sites of various uses and sizes, such as stores, offices, hotels, schools and factories. 
Conclusions
In 2012, a cloud energy management system IEN-ASP, was proposed by the authors and ChungHwa Telecom. The structure of the IEN-ASP includes IaaS, PaaS and SaaS. Using this structure, five main functions, the optimization of the air conditioning (AC) system and the lighting system, scheduling control, power facility control, occupancy detection, and the on/off control for timing switches, are developed. For two years, from 2012, the IEN-ASP service was tested at 65 sites of various uses and sizes, such as stores, offices, hotels, schools and factories.
Based on the results for the use of IEN-ASP at the test sites, the median amount of energy saved is 5724 kWh and the average savings ratio is 5.84%, which translates to a total reduction in CO 2 of 9,926,829 kg per year. The main variable factors are site area and the annual energy consumption. The regression model for the data shows a coefficient of correlation between the amount of energy saved and the baseline energy consumption of 0.057. The coefficient of correlation between the amount of energy saved and the test site area is 0.002. The R2 value is 0.8944. The experiment also shows that the cloud EMS service, namely the IEN-ASP, produces greater energy savings if the equipment and systems are managed by experienced electricians or related personnel, with incremental savings of 6.59%. The total CO 2 savings of test sites between with and without experienced electricians or related personnel is 9,497,435 kg of CO 2 per year. Currently IEN-ASP is still in the early stages of promotion and there is a limited number of subscribers, so the installation cost is greater, there is a higher monthly subscription and the payback period for SMEs is longer. Using the data and experimental results of this study, telecommunication providers continue to promote the IEN-ASP. An increase in the number of subscribers will result in a lower monthly subscription and a smaller installation cost per unit, which will make IEN-ASP more accessible to the greater public.
